SUMMARY Somatosensory evoked potentials were recorded over the lumbar spine and scalp in 12 normal subjects after stimulating the posterior tibial nerve at the knee and ankle and the sural nerve at the ankle. The H-reflex from the soleus muscle was recorded at the same time. The effects of stimulus intensity, frequency of stimulation and vibration were assessed. It was concluded that when the posterior tibial nerve was stimulated in the popliteal fossa, three negative peaks were recorded over the lumbosacral area. They arose from activity in the dorsal roots, the dorsal horn of the spinal cord (SD) Accepted 26 October 1987 constant and may be volume conducted spinal cord activity. The inability of the latter studies to record a ventral root potential was not satisfactorily explained.
Responses recorded from the lumbosacral area may provide reliable and direct means of studying nerve conduction in proximal nerve and spinal roots: however, their clinical application and interpretation requires understanding their generation. Magladery et all recorded action potentials from the human thoracolumbar subdural space evoked by tibial nerve stimulation. In addition to propagated nerve action potentials from dorsal as well as ventral roots, they described a biphasic wave recorded over the dorsum of the spinal cord. More recently, relationships between spinal potentials, the H-reflex and direct motor responses of triceps surae were studied using surface recording techniques. Delbeke et al2 and Ratto et al3 claimed that the first negative deflection over the caudal lumbosacral region was generated by afferent impulses in the dorsal roots, while the second negative peak was travelling in the opposite direction and generated by a reflexly elicited volley in the ventral roots. Other authors (Dimitrijevic et Accepted 26 October 1987 constant and may be volume conducted spinal cord activity. The inability of the latter studies to record a ventral root potential was not satisfactorily explained.
The aim of this study was to clarify these issues by studying the effects of high frequency stimulation and vibration on the spinal potentials evoked by stimulation of the posterior tibial nerve in the popliteal fossa and to demonstrate a relationship between them and the H-reflex. In addition, these are differentiated from the potentials obtained from mixed nerves (posterior tibial at the ankle) and cutaneous nerves (sural) that are not normally associated with the monosynaptic reflex. SEPS with stimulation of these nerves were also recorded from the scalp to assess the relative contribution of cutaneous muscle afferents to the spinal evoked response. The present study utilised single nerve stimulation to avoid the problems of synchronisation of the afferent and efferent volleys introduced when both legs are stimulated simultaneously and also deliberately used non-invasive techniques. 500 the bed. They were asked to relax completely and go to sleep if possible.
Recording Recording electrodes were 9 mm gold discs placed between the spinous processes at T12, L1, L3, L5, Sl. In some experiments only two recording sites were used (L 1, L5). In all cases the reference electrode was placed over the contralateral bony prominence of the anterior superior iliac spine (Ic). In addition, in six of the subjects spinal (LI-Iliac crest, L3-L1) and scalp recordings (Fz-Cz; Ci-Contralateral cortex; H-Cz; H-Ipsilateral cortex; H-Fz; H-Cc) were When the tibial nerve was stimulated at the ankle (at threshhold for the direct motor response to abductor hallucis), spinal records from T12, LI, L3, L5, SI showed three distinct negative peaks (fig 5a) . Over the cord dorsum (T12-L1) a triphasic potential was seen (mean latency of 206 ms) which was similar to the spinal cord dorsum potential obtained when the tibial nerve was stimulated in the popliteal fossa. At SI-L3 levels a double peaked response was observed. The latency of the first peak progressively increased in the rostral direction, while latency of the second peak remained constant at the same latency as the potential recorded over the cord dorsum ( 
The origins of lumbosacral spinal evoked potentials in humans
In a further six subjects, evoked potentials with tibial (ankle) and sural nerve stimulation were also recorded over the scalp and in the popliteal fossa ( fig  7) . The amplitude over the cord dorsum was at least five times greater with tibial nerve stimulation (mean -1-4 uV) than with sural nerve stimulation (mean -0 3 pV) whereas, regarding scalp responses, there was only a 2:1 difference in amplitude, the sural evoked N/P37 scalp response being smaller. In the popliteal fossa the tibial response was two to three times the size of the sural response. (fig 2) suggests it represents afferent impulses in dorsal roots. Furthermore high-frequency stimulation and vibration, which are thought to produce presynaptic inhibition of motoneurons,8-10 had no effect on the dorsal root potential even though they suppressed the ventral root response (fig 3 & 4) . Dorsal root activity is unlikely to be antidromic conduction up alpha motor axons because: (1) dorsal root potentials are clearly present well below motor threshhold when only the large diameter sensory afferents would be stimulated and (2) conduction velocity between Sl and LI (83 m/s) is faster (10-20%) than one would expect using indirect calculations of motor velocity." These findings are in agreement with those of Magladery and subsequent authors. However, unlike Magladery, we initially recorded the dorsal root potential without the ventral root potential. This is not surprising since in cat it has been estimated that to discharge motoneurons, impulses in about 50-100 Ia sensory afferents must reach the motoneuron membrane synchronously. 1 2 Furthermore, in man it has been estimated by indirect methods that about 60 unitary Ta EPSPs are necessary to depolarise the motoneuronal membrane to threshhold and generate impulses in soleus motoneurons. 13 In a human soleus muscle, the number of spindles has been estimated to be about 300,'4 thus approximately 20% or more of the population of Ia afferents must be excited to generate impulses in soleus motoneurons. Thus it would not be surprising to record a synchronous afferent volley of low amplitude before the excitation of the motoneuron and the resulting development of the ventral root potential.
Discussion
The ventral root wave (Magladery's A-wave) most likely represents reflex outflow in motor axons through the ventral roots as suggested by the following observations. First, its increased latency at successively more caudal recording sites is in keeping with this interpretation and would suggest activity in fibres conducting in the opposite direction to the dorsal root potential. The ventral root response first appears simultaneously with the H-reflex and is greatest in amplitude when the H-reflex is maximal. As the stimulus intensity is increased further and an M-response appears there is progressive reduction in amplitude of both the ventral root response and the H-reflex. The decreased amplitude would be consistent with occlusion of the distalward conducted reflex discharge by antidromic impulses in motor axons proximal to the recording site.
Further evidence for this contention is provided by studying the effects of high frequency stimulation and vibration on the ventral root response. With a stimulation frequency of 4 Hz both the H-reflex and the 506 ventral root potential are suppressed (fig 3) with no significant effect on the dorsal root or spinal cord dorsum potential. This would suggest a reduction in central excitability of the motor neuron pool and demonstrates a direct relationship between the generation of the ventral root potential and the presence of an H-reflex. Vibration applied to the soleus muscle suppressed the H-reflex as has been described by others.3 8 9 10 This was associated with suppression of the ventral root potential but no significant change in dorsal root or spinal cord dorsum potentials (fig 3b) . When vibration ceased, both the H-reflex and the ventral root potential return to normal. These features suggest that suppression of the H-reflex is due to central inhibition rather than occlusion of la afferent fibres by vibration-induced activity. This is consistent with the work of Gillies et al'5 who found that in the cat during muscle vibration, a dorsal root potential and primary afferent depolarisation of Ia afferent terminals could be demonstrated but the reflex activation of the motoneuron was suppressed.
Some of the second negativity recorded over the spine caudally (L3-SI) may be due to electrotonic conduction of the spinal cord dorsum potential from the termination of the spinal cord as is suggested by the fact that (a) it does not completely disappear when the H-reflex is suppressed by strong stimuli and vibration and (b) the latency to peak of the second and the H-reflex. This was based on the finding of a second negative peak when stimulating the tibial nerve at the ankle (a mixed nerve supplying foot muscles without a discernable Hreflex), and the sural nerve (a purely cutaneous nerve), which they suggested could not be due to reflex activity in ventral roots. In our study stimulation of the tibial or sural nerve at the ankle produced two negative waves one of which was a travelling wave similar to the dorsal root potential and the second a standing negativity which appeared to be volume-conducted negativity generated by the caudal spinal cord. This negativity had a latency similar to the spinal cord dorsum potential, became larger as the direct muscle response increased in size and was clearly not associated with an H-reflex. These findings correlate well with studies with stimulation of sciatic nerve of cat and monkey'6 -20 and with those of Phillips and Daube6; however, these latter authors failed to distinguish between this standing negativity and the travelling ventral root potential found on stimulation of the posterior tibial nerve in the popliteal fossa which appears to be a ventral root potential associated with the H-reflex.
With liminal stimuli (which also evoked the first detectable dorsal root potential), a small negative deflection followed by a prolonged positivity was noted over the rostral spinal cord (spinal cord dorsum). This potential was similar to the dorsal spinal action potentials first described in cats by Gasser and The origins of lumbosacral spinal evoked potentials in humans dorsally from the perikaryon and perpendicular to the surface of the cord. 28 The latter positivity is consistent with depolarisation of terminals of primary afferents responsible for presynaptic inhibition. 29 30 A synchronous volley in dorsal root fibres within the cord may contribute to the spinal cord dorsum negativity and the notch on the upstroke of this negativity termed N1 by Austin and McCouch3" and Delbeke et al2 which was sometimes seen in our study (fig 2) . Although there is some agreement concerning spinal mechanisms that generate the spinal cord dorsum potential there is considerable controversy relating to the nature of the afferent fibres that synapse in the dorsal horn.
Most workers believe that both the negative and positive cord potentials are due predominantly to activity propagated in cutaneous afferent fibres;' 2 21 27 31-33 however, a number of workers have suggested that the peripheral nerve fibres that mediate the surface-recorded spinal potential are primarily muscle afferents.'0 16 17 34-36 Our data suggest a significant contribution from muscle afferents to the spinal cord dorsum potential. The amplitude of the spinal cord dorsum potential with sural nerve stimulation was considerably smaller than that produced by posterior tibial nerve stimulation at the ankle (mean ratio 1:5) and was often of longer duration. In scalp recordings the amplitude ratio of the earliest cortical potential (N/P37) was usually more favourable for the sural nerve (1:2 mean). If cutaneous afferents in both nerves produced most or all the post-synaptic cord potentials and continued rostrally through the dorsal column-lemniscal system to reach cortex, the amplitude ratio should, at least as a first approximation, be dependent on the relative numbers of cutaneous afferents in the tibial and sural nerves and would be the same at spinal and cortical levels.
Our findings suggest that the mixed nerve (posterior tibial at the ankle) contains afferent fibres involved in synaptic activity which are not found in cutaneous nerves. This difference may relate to the presence of muscle afferents in the mixed nerve and would be consistent with the heavy concentration of collaterally inverted terminals of muscle afferents with synaptic connections at the spinal level which would produce a considerable expansion of electrically active tissue. 35 
